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CD95 REGULATORY GENE SEQUENCES AND TRANSCRIPTION FACTORS 



Field of the Invention 

The present invention relates, generally, to regulation of expression of a gene 
encoding the CD95 receptor, which plays an important role in apoptosis, or 
programmed cell death. More specifically, the present invention relates to regulation 
of CD95 gene expression through identification of regulatory sites on the CD95 
gene, proteinaceous transcription factors that bind to the CD95 regulatory sites, and 
methods for regulating CD95 gene transcription and expression. 
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Backgroun d r>f the Invention 

Apoptosis is a cell suicide mechanism that is used by multicellular organisms 
to regulate physiological cell death for purposes of defense, development, 
homeostasis and aging. Apoptosis is an active process modulated by its own 
15 regulatory system and genetics and is generally characterized by morphological 
changes including loss of contact of a cell with its neighbors, chromatin 
condensation, membrane blebbing, cytoplasmic condensation, DNA fragmentation 
and, eventually, the generation of membrane-enclosed apoptotic bodies that are 
phagocytosed by neighboring cells. 

CD95 (also referred to as Fas or APO-1) is an important receptor in 
apoptosis. Apoptotic cell death is triggered by an interaction of the CD95 receptor 
with its ligand CD95L. CD95 is a member of the tumor necrosis factor (TNF) 
receptor family of cell surface proteins, and CD95L is a member of the TNF family 
of membrane and secreted proteins. CD95 is expressed on a wide variety of cell 
25 types, either constitutively or inducibly. CD95 is expressed, for example, on 
activated T and B cells, and its mRNA has been detected in other tissues including 
thymus, spleen, liver, ovary, lung, and heart. 

CD95 has been implicated in mediating nonspecific T-cell cytotoxicity and 
activation-induced cell death (A1CD) in the peripheral immune system. When 
30 apoptosis is induced in T cells by activation through an antigen receptor, signals are 
passed into the cell, leading to activation of the cell and expression of c-myc. The 
cell up-regulates both CD95 and CD95L and expresses them on the cell surface. 
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These molecules then interact with each other, in an autocrine or paracrine manner 
bating .he cel! death-inducing signaling p athway . Overexpression of CD95 
receptor s.gnaling domain results in apoptosis and cell death. 

Regulating apoptosis has therapeutic and/or prophyiactic implications for 
diseases where apoptosis causes the pathology, inCuding chronic neurodegenerative 
dtsorders such a, Alzheimer's and Parkinson's diseases and multiple Xerosis, and 
.mmunosuppressive disorders, both genetic and acquired. Similarly, regulating 
apoptosis may have therapeutic benefits under circumstances in which apoptosis 
occurs as a result of trauma, such as smokes and hear, attack, Agents that biock 
apoptosis may be useful in treating ischemic conditions, such as hear, attacks 
strokes or .perfusion injury, by blocking ,he apoptotic response i„ ceHs' 
Pathdogical suppression of apoptosis appears to be an important factor in neop.astic 
Ceases and vita, infection. Apoptosis ,s suppressed, for example, in proliferating 
tumor cells. HIV/AIDS infection produces unregulated and untimely apoptosis in 
cruca. defenders of the immune system, namely CD-4 cells. Moreover, modulation 
of apoptosis may increase tolerance to pharmaceutical agents such as 
chemotherapeutic and radiotherapeutic agents that stress but, in the absence of an 
apoptofc mechanism, may no, kill cells. Regulation of apoptosis may also have 
■mplications for ,„ v f , ro cell growth and maintenance and may be used to produce 
more robust cell lines and increase production of recombinant proteins. 

The numerous applications in which regulation of apoptosis may play an 
tmporta* role underscore the importance of developing a more complete 
understanding of expression of ,he CD95 recep,or. identification of regulatory 
sequences on the CD95 gene, as well as transcription factors that bind to such 
regulatory sequences, will provide means for modulating transcription and 
expression of this important receptor, thereby providing a means to regulate 
apoptosis. 



Disclosure of the Invflntinn 
30 In one aspect, the present invention provides novel, isolated and purified 

polynuc.eotides ma, are involved in ,ranscrip,io„al regulation of ,he CD95 recep,or 
and variants thereof which possess similar regu,a,ory properties. Polynucleotides 
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that play a role in enhancing and silencing transcription from the CD95 promoter are 
disclosed. Regulatory polynucleotides of the present invention are located in a 70b P 
region about 1 kb upstream from the coding portion of the CD95 gene. Presently 
preferred polynucleotides that function as regulatory elements in the enhancement of 
5 transcription from the CD95 promoter are described in SEQ ID NOS: 1 and 37. 
The polynucleotide identified as SEQ ID NO: 1 exhibits enhancing regulatory 
activity, but contains both enhancer and silencer regulatory elements. The 
polynucleotide identified as SEQ ID NO: 37, which exhibits enhancing but not 
- - ~ silencing regulatory activity, is especially- preferred- as an .enhancing .regulatory 
10 element. A presently preferred polynucleotide that functions as a regulatory element 
in silencing transcription from the CD95 promoter is described in SEQ ID NO: 2. 

In another aspect, the present invention discloses novel isolated and purified 
polynucleotides that provide sites for binding of transcription factors that regulate 
transcription from the CD95 promoter. All or a portion of the polynucleotide 
15 sequences described in SEQ ID NOS: 1 and 2 provide binding sites for transcription 
factors that modulate transcription of coding portions of the CD95 gene. A presently 
preferred polynucleotide sequence consensus motif that provides a binding site for 
transcription factor(s) that enhance transcription from the CD95 promoter is set forth 
in SEQ ID NO: 3. Additional preferred polynucleotides that provide sites for binding 
20 of transcription factors that enhance transcription from the CD95 promoter are set 
forth in SEQ ID NOS: 4, 5, 6 and 37. Additional preferred polynucleotides that 
provide sites for binding of a transcription factor that silences transcription from the 
CD95 promoter are set forth in SEQ ID NOS: 7 and 36. 

Yet another aspect of the present invention relates to proteinaceous binding 
25 molecules, or polypeptides, referred to as transcription factors, that bind specifically 
to the CD95 silencer and enhancer regions described above to enhance or inhibit 
transcription of the CD95 gene. Binding of an enhancer transcription factor to an 
enhancer regulatory region stimulates CD95 expression; binding of a silencer 
transcription factor to a silencer regulatory region inhibits CD95 expression. The 
30 term "CD95 transcription factor," as used herein, refers to any one of a series of 
polypeptides which are capable of binding to polynucleotides that regulate 
transcription and/or expression of CD95. CD95 transcription factors derived from 
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human, as well as o,her mam.na.ian species, and partially o r wholly synthesized 
polypepudes are within the scope of this invention. 

Transcription factors ma, bind to nucleotide probes corresponding to the 
enhancer regulatory sequences described above (SEQ ID NOS: 1, 3-6 and 37) form 
■stinc, DNA/polypeptide complexes having molecular weights of approximately 
59 kDa, 1,3 IcDa and 200-300 kDa. Experiment, evidence demonstta.es that 
transcription factors capable of binding to CD95 enhancer regulatory 
polynucleotides exhibit double stranded binding activity. Wcription factors that 
bmd to polynucleotide probes corresponding to all or a portion „f , h e silencer 
regulatory polynucleotide sequences (SEQ ID NOS: 2, 7 and 36, form distinct 
DNA/polypep^ comp|exes hav . ng molecu|ar wdghK ^ approxtaaKiy ^ ^ 

77 KDa and 100 kDa. Expenmenta, evidence demonstrates mat transcription factors' 
capable of binding to CD95 silencer regu,a,ory polynucleotides exhibit single 

stranded binding activity. 

Several specific transcription factors that bind to CD95 regulatory 
polynucleotides and thereby modulate expression of CD95 have been identified 
expenmentally. Polypeptide transcription factors tha, bind to the CD95 silencer 
regulatory polynucleotide sequences inrtude human YB-1 (EMBL Accession No 
M24070, SWISS-PROT Accession No. P16990); rat YB-1 (EMBL Accesston No' 
M57299, SWISS-PROT Accession No. P22S68); rat Pura (SEQ ID NOS- 38 39 41 
and 42); arrd a « Pura-like protein (SEQ ID NOS: 40 and 43). Binding of these 
s.lencer transcription factors ,„ a CD95 si.encer regulatory polynucleotide inhibits 
expression of CD95 and thereby tends to inhibit apoptotic cel, death. Polypeptide 
transcription factors tha, bind to the CD95 enhancer regulatory polynucleotide SEQ 

' ' inC,Ude hUma " ™-' - h — ™™ D. Binding of this enhancer 
transcription factor to a CD95 enhancer regulatory polynucleotide stimulates 
expression of CD95 and thereby tends to stimulate apoptotic cell death. 

YB-I is the 47 kD protein species observed by Southwestern and 
UV-crosslinking analysis with the CD95 silencer probe (SEQ ID NO- 2) YB 1 is 
also known as human dbpB or CCAAT-binding transcription factor I subunit A 
(CBF-A, or EFIa or MDR NF-1 (EMBL Accession No. M24070; SWISS-PROT 
Accession No. P16990); bovine EFI A#l (EMBL Accession No. M95793- SWISS 
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PROT Accession No. P16990); rat dbpB or EFlaor CBF-A (EMBL Accession No. 
M57299; SWISS-PROT Accession No. P22568); murine CBF-A or MUSYl or 
MSY1 or MUSYB (EMBL Accession No. M60419; SWISS-PROT Accession 
No. P27817) or MYB-1A (EMBL Accession No. U33196; SWISS-PROT Accession 
5 No. Q60950) or MYB-1B (EMBL Accession No. U33197; SWISS-PROT Accession 
No. Q60951); rabbit MRNP p50 (EMBL Accession No. U16821; SWISS-PROT 
Accession No. Q28618); avian EFla or RSV-EF-1 (EMBL Accession No. L13032; 
SWISS-PROT Accession No. Q06066) or pYBa (EMBL Accession No. U43513; 
- - "SWISS-PROT" Accession "Nor Q90376);- and -frog-F-RGYl _(EMBL_ Accession _ 
10 No. M59453; SWISS-PROT Accession No. P21573), and has been described as a 
42-50 kD protein. YB-1 is a member of a highly conserved nucleic acid-binding 
polypeptide family containing a cold-shock domain known as the Y-box family of 
proteins. The cold shock domain of the Y-box nucleic acid-binding polypeptide 
family has been identified as a 66 amino acid region, is believed to be the DNA- 
15 binding domain, and is highly conserved. These proteins are described in Wolffe et 
al. (1992), The Y-box factors: a family of nucleic acid binding polypeptides 
conserved from Eschericia coli to man, New Biol. 4, 280-298. 

Other members of the Y-box family of binding proteins that contain a cold- 
shock domain include human dbpA (EMBL Accession No. M24069; SWISS-PROT 
20 Accession No. P16989); human dbpA-like protein (EMBL Accession No. X95325; 
SWISS-PROT Accession No. Q14121), human dbpB-like protein (EMBL Accession 
No. L28809; SWISS-PROT Accession No. P16990), human NSEP-1 (EMBL 
Accession No. M83234; SWISS-PROT Accession No. Q14972), and human 
nuclease sensitive element binding protein-1 (EMBL Accession No. M85234; 
25 SWISS-PROT Accession No. Q15325); rat YB-2 (EMBL Accession No. U22893; 
SWISS-PROT Accession No. Q62764) and rat RYB-a; murine dbpA (EMBL 
Accession No. D14485; SWISS-PROT Accession No. Q61478); frog FRGY2 or p56 
or MRNP4 or YB-2 (EMBL Accession No. M59454; SWISS-PROT Accession No. 
P21574) and frog p54 or MRNP3 (EMBL Accession No. M80257, SWISS-PROT 
30 Accession No. P45441); and bacterial cspA and cspB. Many other members of the 
nucleic acid-binding Y-box polypeptide family having a cold shock domain, such as 
proteins from lower organisms, also exhibit homology and would bind to the 
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regulatory polynucleotides of the present invention. Polypeptides having a ooU 
shock domain having a, leas, 95% and preferbly a, leas. 98% identity to the cold 
shock domain of human YB-1 (EMBL Accession No. M24070; SWISS-PROT 
Action No. PI6990) are considered to he members of the Y-b„x family of 
5 btnding polypeptides and are especial.y preferred for use in compositions and 
methods of the present invention. 

YB-1 binds to both double-and single-stranded DNA, although it has been 
shown to preferentially bind single-stranded DNA. It has also been shown to induce 
or stable a single-stranded conformation in DNA. YB-1 has been described as a 
3 transcription factor for a number of genes and, in particular, as an activator of a 
number of growth-associated genes, including epidermal growth factor (EOF) 
receptor gene and proliferating cell nuclear antigen (PCNA)/cyclin gene. It has also 
been shown to be an activator of the human multidrug resistant pump (mdrl) gene 
YB-1 has also been shown to be a repressor of the MHC Class II genes and to 
■ simulate transcription of the LTRs of both the human T-cell lymphotropic virus-1 
(HTVL-I) and human immunodeficiency virus-1 (HIV-1). A number of tumor cells 
have very high levels of CD95L mRNA, and negligible .evels of CD95 mRNA (e g 
lung, colon, liver and skin carcinomas). These levels are the inverse of what is 
found m non-malignant cells. It is believed that the lack of CD95 expression allows 
tumors to evade the cytolytic T- ce .ls through the expression of CD95L, so inducing 
apoptosis of the activated T-cells. Furthermore, the levels of mdr and/or PCNA 
and/or EOF receptor mRNAs are often higher in tumor cells than non-maiignant 
ceils. YB-1 activates expression of all of these genes and, at the same time 
represses CD95 gene transcription. This suggests that YB-1 and the Y-box family of 
protems are involved in the biology of malignancies. Modulation of CD95 gene 
transection through modulation of the binding of a Y-box protein to the identified 
CD95 alenocr polynucleotides, renders the activated T-cells less susceptible to 
apoptosis and, at the same time, confers resistance to cytotoxic drugs. Modulation 
of expression of CD95 may also be used to promote apoptosis of malignant cells by 
means of an auto-induced or T-cell mediated mechanism. 

Puree, also known as ssCRE-BP or SPSF I is a 34-42 kD protein that has 
smgle-stranded DNA-binding activity. Human Pura (EMBL Accession No. 
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M96684; SW1SS-PROT Accession No. Q00577) and murine Pura (EMBL 
Accession No. U02098; SWISS-PROT Accession No. P42669) have been fully 
sequenced. Human, murine and rat Pura are highly conserved; human and murine 
Pura are 99.3% identical. Pura often occurs as a dimer or oligomer. 
5 The 5' portion of the rat Pura transcription factor isolated and identified by 

applicants is encoded by the polynucleotide identified as SEQ ID NO: 38, and the 3' 
portion of the rat Pura transcription factor isolated and identified by applicants is 
encoded by the polynucleotide identified as SEQ ID NO: 39. The polypeptides 
— encoded by the polynucleotides set out-in SEQ-IDHOS:_3.8_and 39 are idemifiedjn _ 
10 SEQ ID NOS: 41 and 42, respectively. Polypeptides having at least 95% identity 
and preferably at least 98% identity to human Pura (EMBL Accession No. M96684; 
SWISS-PROT Accession No. Q00577) are preferred for use in the compositions and 
methods of the present invention. The polypeptides identified in SEQ ID NOS: 41 
and 42 are also encompassed within the term "Pura," and transcription factors 
1 5 comprising the polypeptides identified in SEQ ID NOS: 41 and 42 are also preferred 
for use in compositions and methods of the present invention. 

Pura has been shown to be a factor involved in cell cycle control of DNA 
replication and also transcription. Like YB-1 mRNA, Pura mRNA has been found 
in every tissue examined. As a transcription factor, Pura has been implicated in the 
20 control of transcription of genes activated by two different retroviruses - human 
polyoma virus (JCV) and the Rous sarcoma virus (v-src). Pura interacts with YB-1 
to bind to sequences of the JCV enhancer and it is believed that this may induce the 
shift from early to late viral gene transcription. Pura has also been shown to interact 
with the human immunodeficiency virus-1 (HIV-1) Tat protein to activate 
25 transcription of JCV. Tat has been implicated in modulating CD95-mediated 
apoptosis of CD4 + T cells in HIV- 1 -infected persons. Thus, an interaction of Tat 
and Pura may contribute at the transcriptional level to modulate the expression of 
CD95 in HIV-1 patients. Pura has also been shown to associate with the 
Retinoblastoma protein (Rb), which is encoded by a tumor suppressor gene. 
30 Another CD95 silencer binding polypeptide having a molecular weight of 

32kD, referred to as "Pura-like transcription factor" has been identified. The 5' 
portion of the polynucleotide encoding the Pura-like polypeptide is provided in SEQ 
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ID NO: 40. The N-terminal amino acid sequence of the Purcc-like transcription 
factor encoded by the polynucleotide identified as SEQ ID NO: 40 is provided in 
SEQ ID NO: 43. I, is believed tha, this is a nove! polypeptide transcription factor 

Transcnptton factors comprising the polypeptide identified in SEQ ID NO- 43 and 
5 proteins having a. leas, 95% identity and preferably at leas. 98% identity to the 

polypeptide identified in SEQ ID NO: 43 are encompassed within the term »Pura- 

hke transcription factor*)" and are preferred for use in compositions and methods of 

the present invention. 

Two polypeptide transcription factors were identified that bind to the CD95 
enhancer regulatory sequence and thereby modulate CD95 expression: human YB-1 
and human hnRNP D (EMBL Accession No. D55672; SW1SS-PROT Accession 
Nos. Q14101 and Q14103). Human YB-1 is described above. HnRNP D is also 
known as hnRNP DO and AUF1 (EMBL Accession No. A54601; SWISS-PROT 
Accession No. Q12772), and is a heterogeneous nuclear ribonucleoprotein having a 
molecular weight of 33 kD. Polypeptides having at least 9 5 o/ 0 identity and 
preferably at least 98% identity to human hnRNP D (EMBL Accession No. D55672- 
SWISS-PROT Accession Nos. Q14101 and Q14103) are preferred for use in the 
compositions and methods of the present invention. HnRNP D has been described 
as a UTJAG-specific RNA-binding protein. Another heterogeneous nuclear 
nbonucleoprotein, hnRNP K, has recently been shown to be a transcription factor 
which activates expression of the c-myc gene promoter. 

Another aspect of the present invention relates to use of the regulatory 
polynucleotides and/or transcription factors of the present invention to modulate 
transcription of the CD95 gene, as well as genes other than CD95. Modulation of 
transcription of the CD95 gene may be achieved, for example, by blocking the 
bmdmg of transcription factors to the enhancer or silencer regulatory regions, by 
modulating expression of one or more transcription factors, by modulating the 
binding activity of one or more transcription factors, or by modulating the functional 
actrnty of one or more of the transcription factors. Modulation of transcription of 
the CD95 gene may be implemented to treat various conditions and disease states 
by selectively stimulating or inhibiting apoptotic cell death. 
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Blocking of the binding of transcription factors to CD95 regulatory regions 
may be accomplished, for example, by introducing small molecules, such as 
oligodeoxyribonucleotides, synthetic polyamides, or other small molecules that 
target specific CD95 regulatory sequences to control gene expression by preventing 
5 the binding of transcription factors. Specifically, introduction of small molecules 
that target and bind to, or otherwise associate with, the regulatory sequences 
identified as SEQ ID NOS: 1-7, 36 and 39 to inhibit the binding of transcription 
factors are preferred. The identification and development of suitable small 

molecules-is described, for examplenn-Cai et-al. (-1996), Transcription-moiiulating _ 

10 drugs: mechanism and selectivity, Curr. Opin. Biotechnol. 7 (6): 608-615 and 
Gottesfeld et al. (1997), Regulation of gene expression by small molecules, Nature 

387(6629)202-205. 

Blocking of the binding of transcription factors to CD95 regulatory regions 
may additionally or alternatively be accomplished, for example, using 
15 oligonucleotide-directed triple helix formation. The use of such methods is 
documented, for example, in Maher, L.J. (1992), DNA triple-helix formation: an 
approach to artificial gene repressors, Bioessays 14 (12): 807-815 and Chan et al. 
(1997), Triplex DNA: fundamentals, advances and potential applications for gene 
therapy, J. Mol. Med. 75 (4) 267-282. 
20 Alternatively, transcription factors may be inhibited from binding to CD95 

regulatory regions by introducing an excess of one or more polynucleotides, 
specifically polynucleotides comprising the regulatory sequences identified as SEQ 
ID NOS: 1 -7, 36 and 37. Excess polynucleotides may be introduced using a variety 
of techniques which are well known in the art. Overexpressing a polynucleotide 
25 comprising a YB-1 transcription factor binding sequence (SEQ ID NOS: 2 or 36) in 
cells, for example, would result in binding of endogenous YB-1 to the introduced 
polynucleotides. There would consequently be insufficient endogenous YB-1 to 
bind to the CD95 silencer regulatory region, which would result in activation of the 
transcription of CD95. 

30 Modulating the expression of transcription factors may be accomplished, for 

example, by inhibiting translation of the relevant transcription factors. Translation of 
the relevant transcription factors may be inhibited, for example, by introducing anti- 
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sense expression vectors; by introducing antisense oligodeoxyribonucleotides or 
antisense phosphorothioate oligodeoxyribonucleotides; by introducing antisense 
oligoribonucleotides or antisense phosphorothioate oligoribonucleotides; or by other 
means which are well known in the art. The use of techniques involving antisense 
5 polynucleotides is well known in the art and is described, for example, in Robinson- 
Benion et al. (1995), Antisense techniques, Methods in Enzymol. 254 (23): 363-375 
and Kawasaki et al. (1996), Artiflc. Organs 20 (8): 836-848. 

Desired transcription factors may alternatively be overexposed by 
introducing DNA constructs that code for a desired enhancer or silencer transcription 
factor to increase the population of the desired transcription factor. Suitable DNA 
constructs comprise a polynucleotide encoding the relevant transcription factor and 
suitable promoter and terminator sequences. Specifically, preferred polynucleotides 
for use in such DNA constructs include polynucleotides encoding a member of the 
Y-box family of binding proteins, polynucleotides encoding a Puree protein 
including SEQ ID NOS: 38 and 39, polynucleotides encoding a Pura-like protein! 
including SEQ ID NO: 40, and polynucleotides encoding a hnRNP D protein. 
Methods for making, introducing and expressing such DNA constructs are well 
known in the art. 

Transcription of the CD95 gene and expression of CD95 may alternatively 
be modulated by modulating the activity or function of one or more transcription 
factors. This may be accomplished, for example, by introducing drugs that interact 
with the transcription factors to inhibit or activate their binding activity or function. 

Modulation of genes other than CD95 according to the methods described 
above may be accomplished for example, by making a DNA construct in which 
coding portions of selected genes are operably linked with a regulatory 
polynucleotide of the present invention and a suitable promoter. Appropriate 
transcription factors may be introduced in vitro or in vivo and play a role in 
modulating transcription and expression of the selected gene. Similarly, any of the 
techniques described above for modulating expression of CD95 may be adapted for 
modulating expression of other genes operably linked with a regulatory sequence of 
the present invention. Techniques for synthesizing functional DNA constructs of 
this type are well known. 

10 
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Yet another aspect of the present invention relates to the identification of 
CD95 transcriptional start sites. Several such sites are identified below. 

The regulatory polynucleotides and transcription factors of the present 
invention have numerous uses and applications. Such polynucleotides and 
5 transcription factors are useful, for example, for studying regulation of CD95 
transcription, and for modulating transcription and expression of coding portions of 
the CD95 gene, or other genes, as described above, both in vitro and in vivo. 
Regulatory polynucleotides and CD95 transcription factors of the present 

invention are useful for studying -regulation, of CD95 bath in vitro and in vivo. For _ . 

10 example, regulatory polynucleotides and CD95 transcription factors are useful for 
identifying cell types and populations having CD95 transcription enhancing and/or 
silencing regulatory capabilities. Numerous techniques may be employed. Using 
CD95 regulatory polynucleotides as probes, for example, nuclear extracts from 
various cell sources may be screened by electrophoretic mobility shift assay (EMSA) 
15 for the presence or absence of the respective DNA/polypeptide complexes. 
Expression of transcription factors capable of binding to such probes can be directly 
assayed by amplifying a portion of their cDNAs, for example by polymerase chain 
reaction ("PCR"), or by detecting mRNA for these factors using DNA/RNA or 
RNA/RNA hybridization techniques, such as Northern analysis or RNase protection 
20 assays. The CD95 silencer and enhancer polynucleotides may also be used to screen 
for the presence and/or activity of the respective regulatory factors in a cell 
transection system, wherein expression of various well established reporter genes, 
such as chloramphenicol acetyl transferase gene, beta galactosidase gene, firefly 
luciferase gene, renilla luciferase gene, or green fluorescent protein gene is detected. 
25 Identification of cell types and populations which contain CD95 regulatory factors 
may have significant ramifications for the development of therapeutic and 

prophylactic agents. 

Polynucleotides of the present invention also have application for 
identification of modulators (positive or negative regulators) of CD95 transcription. 
30 A screening assay, for example, may utilize transiently or stably transfected reporter 
constructs comprising the regulatory polynucleotides of the present invention to 
assess CD95 transcription. As described above, the regulatory silencer and/or 



11 



BNSOOCtD: «WO_980896SA2JU» 



20 



25 



30 



WO 98/08965 

PCT/NZ97/00107 

enhancer sequences may be fused to an appropriate promoter driving the expression 
of one of the above mentioned reporter genes. Such reporter construes may be 
<rans.en.iy transfected, e.g. by iipofection, electroporaUon. DEAE dextran or Ca- 
phosphate co-precipitation methods, into appropriate cell lines or primary cells 
5 Reporter activity may then be measured by chemiluminescent, fluorescent, ELISA- 
based or enzymatic methods (radioactive or non-radioactive). Such screening assays 
compare favorably with assays ma, assess the protein turnover of the CD95 receptor 
According to another aspect of the invention, , he „ S e of eukaryotic host cells 
.refected with regulatory polynucleotides of the present invention that mimic the 
' regulated, inducible transcription of the CD95 gene aMows identification and testing 
of the potency of physiological stimulators and inhibitors of CD95 transcription 

Polynucleotides of the present invention are also useful in screening assays 
.o .dentify molecules capable of binding to regulatory portions of the CD95 gene 
and thereby regulating transcription of the CD95 gene. Assays for identifying 
btndmg molecules using polynucleotide probes are well knowr, in the art and include 
affintty purification using, for example, trapping of specific DNA/polypeptide 
complexes formed with biotinylated binding sequences, to a streptavidin matrix or 
couphng binding site-containing polynucleotides covalently to an appropriate 
column matrix, such as activated agarose or sepharose. The CD95 regulatory 
polynucleotides may also be used to monitor specific binding activity of individual 
fracttons of nuclear or whole cell extracts from appropriate sources after treatment 
by vanous biochemical and/or biophysical fractionation regimens. The CD95 
regulatory polynucleotides may also be employed in a yeast one-hybrid functional 
clonmg system. Regu.atory polynucleotides may be cloned in a yeas, shuttle vector 
.0 achvate transcription of a biosynthetic marker or a survival gene which is 
expressed when a, leas, the DNA binding domain of the cognate ,ra„scrip,ion facor 
(provided by a cDNA library and expressed in a second vector as a hybrid wi,h the 
aovation domain of anomer, suitable transcription factor) binds ,o this sequence 
Ident.fica.ion, isolation and purification of such binding molecules provides a 
mechamsm for modulating transcription of coding portions of the CD95 gene, both 
in vitro and in vivo. 
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Similarly, CD95 transcription factors of the present invention are useful for 
identification and purification of functionally associated regulatory polypeptides. 
The transcription factors themselves, or monoclonal antibodies raised against them, 
may be used for the identification of cell types that contain such regulatory 
5 polypeptides. Well known techniques may be employed to raise monoclonal 
antibodies. 

Polynucleotides of the present invention corresponding to regulatory portions 
of the CD95 gene, or portions of such polynucleotides, may be used as probes to 
" - identify and -isolate - corresponding - genomic- -regions. -from -Other _ species., _ 
Identification of such regions aids in identifying structurally conserved motifs which 
may also exhibit conserved function. Identification of conserved regulatory 
elements is an important predictive element for extrapolating experimental data from 
non-human sources to expression of the human CD95 gene. 

Regulatory polynucleotides of the present invention are also useful for 
screening purposes to identify polynucleotides from non-human sources that exhibit 
homology to the identified sequences. The identification and isolation of CD95 
regulatory polynucleotides makes possible the development of transgenic 
mammalian species having a modified CD95 gene structure lacking a silencer or 
enhancer regulatory region. Techniques such as homologous recombination and 
knockout strategies are well known. Such mammalian species are useful as models 
for studying CD95 gene regulation and apoptosis in vivo. Transgenic species with 
portions of a CD95 promoter or heterologous promoter having regulatory sequences 
of the present invention fused to a reporter gene may be used, for example, to 
analyze cross-species regulatory activities of the identified polynucleotide motifs in 
vivo. Transgenic species may also serve as in vivo models to screen for tissue 
specific modulators of CD95 expression. Transgenic species expressing a reporter 
gene, e.g. beta-galactosidase, which is driven by the CD95 promoter and enhancer, 
with or without silencer sequences, may also serve as in vivo models to screen for 
tissue specific modulators of CD95 expression. Compounds delivered to such 
transgenic species can be assayed for their in vivo effects on transcription of the 
reporter gene in the different constructs. In one mouse model of systemic 
autoimmunity, Ipr homozygous mice, for example, the key abnormality is defective 
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expression of ,he CD95 gene. (Abul K. Abbas, "Die and Let Live: E.iminating 
Dangerous Lymphocytes," Cell 84:655-657, 1905.) 

Polynucleotides corresponding ,0 regulatory portions of the CD95 gene and 
CD95 transcription factors also have numerous therapeutic applications. The CD95 
» enhancer and si.encer polynucleotides may be used, for example, to co-express 
•arget/effec.0, genes with native CD95 and thus target cells which can undergo 
apoptosis. CD95 regulatory polynucleotides cloned in from of the native CD9S gene 
promoter or a heterologous promoter could be used for regulated co-expression of 
.nhtb.tors or s.imu.a«ors of apoptosis in cell types which express CD95, some of 
whtch „ also act . va( . on .^^ dMth ^ 

CD95 apoptosis are CrmA, a vim, inhibitor of the ICE-like cysteine proteases 
■nvolved in apoptosis, and a dominant negative mutant of the CD95.associa.eti 
protein FADD, Expression of wildtype FADD can be used ,„ induce apoptosis 

Polynucleotides of the present invention may also be used in gene therapy 
apphcations to enhance or silence CD95 expression. A minigene comprising CD95 
mmtmal regulatory sequences which may include, for examp,e, nucleotide positions 
-1032 ,0 -1 in the hCD95 promoter (which are required for native expression) fused 
.0 CD95 cDNA, is usefu, for enhancing CD95 transcription and expression through 
gene therapy. Such a minigene may be introduced, for example, in .constitution 
and gam-of-function gene therapy i„ CD95-deficie„, autoimmune patients To 
reconstitute regulated expression of wildtype CD95 in the appropriate cell types of 
au,„,mmune patients with a CD95 mutation or expression defect, crude bone 
ma™, cells (or a ceH fraction enriched for lymphocytes) from a patient or a 
compatible donor could be transfected with a CD95 minigene, cloned in viral or 
non-viral vectors, and these cells reinjected into the patien, after destruction of the 
patient's remaining, untransfected bone marrow cells by radio a„d-or chemotherapy 
Other suitable gene and/or cell therapy approaches are known in the art. 

Polynucleotides containing all or a portion of the enhancer or silencer 
regulatory sequences disclosed herein may a!s„ have therapeutic applications as 
competitors with endogenous binding proteins or transcription factors for regulatory 
btnding sites on the CD95 gene. Suitable delivery techniques are known in the art 
CD95 expression may be modulated in vi,ro or in vivo using this technique 
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Similarly, transcription factors may be employed using competitive or anti- 
sense strategies to modulate CD95 expression. Degradation-stabilized 
phosphorthiodate oligonucleotides, containing silencer and/or enhancer sequences, 
could be encapsulated into liposomes and delivered to patients by injecfon 
5 intravenously or directly into a target site. Alternatively, retroviral or adenov.ral 
vectors, or naked DNA expressing anti-sense RNA for enhancer and/or silencer 
transcription factors, could be delivered into patient's cells in vitro or directly .nto 
patients in vivo by appropriate routes. Suitable techniques are known in the art. 

The wfd-^yniictefltkteesr-as used herein-, means a-polymeric.collecUon _ _ 

10 of nucleotides and includes DNA and RNA molecules, both sense and anti-sense 
strands, and comprehends cDNA, genomic DNA, and whol.y or partudly 
synthesized polynucleotides. It will be recognized that operable anti-sense 
polynucleotides may comprise a fragment of the full-length sequence, and the 
definition of "polynucleotide" therefore includes all such operable ant,-sense 
15 fragments. Identification of human genomic DNA and heterologous species DNAs 
can be accomplished by standard DNA/DNA hybridization techniques, under 
appropriately stringent conditions, using all or part of a cDNA sequence as a probe 
to screen an appropriate library. Alternatively, PGR techniques usmg 
oligonucleotide primers that are designed based on known genomic DNA, cDNA 
20 and protein sequences can be used to amplify and identify genomic and cDNA 
sequences. Synthetic DNAs corresponding to the identified sequences and variants 
may be produced by conventional synthesis methods. All of the polynucleotides 
described herein are isolated and purified. 

The word "variant(s)," as used herein in connection with polynucleotides, 
25 comprehends polynucleotides having nucleotide sequences different from the 
specifically identified sequences, wherein one or more of the nucleotides is deleted 
or substituted, or one or more nucleotides are added, without appreciable loss of the 
regulatory activity of the identified sequence(s). Polynucleot.de variants may be 
naturally occurring allelic variants, or non-naturally occurring variants. Variant 
30 polynucleotides preferably exhibit at least 50<>/o, more preferably at least 70% and 
most preferably at least 90% identity to the identified regulatory sequences and 
cDNA sequences. Variant polynucleotides more preferably exhibit at least 70% and 
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■".r* at ieast 9o% iden,i,y ,o my 8 nuc,eotide <*« 

identified regulatorv ^ ^ ^ 

identified cDNA seance. More preferably y e,, variant polynucleotides differ fr„ m 
an .den, fied regulatory or cDNA sequence by substitution, deletion or ^ rf 
five nucleotides or fewer. The identity of polynucleotides may be determined by 
comparing sequences using, for example, algorithms from the FASTA or BLAST 
search programs (OCO software package, University of Wisconsin, for cDNA 
compares and programs such as TFSEARCH (Yutaka Akiyama, Kyoto 
Umversny,, to search the Wac database (GBF, Braunschweig, Germany, or 
search a.goriduns used in the TESS database, ,„ compare regutatory sequences 

The word "polypeptide," as used herein, encompasses amino acid chains of 
any length, including the full length proteins, wherein amino acid residues are linked 
by covalen, peptide bonds. Polypeptides of the present invention may be naturaUy 
P-fled products, or maybe produced partially or wh o„y using recombinant 
techniques. Such po,ype P tides may be glycated with mammalian or other 
eukaryotic carbohydrates or may be non-glycosylated. 

Regulatory polynucleotides and Ascription factors are described herein 
wim reference ,o activities involving "enhancing" or "sHencing" transcription of 
coding portions of the CD95 gene or another gene appropriately linked to . 
regulatory polynucleotide sequence and a suitable promote, Such regulatory 
activities are observed and may be assessed both *, v„,o and in Wvo . lt wi „ ^ 
recognized ma, organisms and cells of different types, as wel, as cells in different 
developmental stages and physiological or ,„ vilro conditions> ^ 

difrereM , ™ SCrip ' i0 " al «■**■■ Regulatory polynucleotides 
described herein as having "enhancing" or «si,e„ci„g" activities are described with 
reference to transcription of a CD95 gene having a CD95 basa, pr„mo,er 
H2./.I-CAT, or an HSV ,k promo,er. Tra^criptiona, activity is considered to be 
« or "silenced" when there is a, leas, a so* and more p re ferab,y a, leas, a 
■00* change in , h e level of transcriptiona, activity i„ the present of a regulatory 
polynucleotide compared to fl» Ascription, activity measured under substantiaUy 
the same conditions in ,he presence of the CD95 basal promoter „ the HSV tk 
promoter. SimiMy, transcriptional activity is considered to be "enhanced" or 
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silenced" when there is at least a 50%, and more preferably at least a 100%, change 
in the level of transcriptional activity in the presence of a transcription factor or 
polynucleotide/transcription factor complex compared to the transcriptional activity 
measured under substantially the same conditions in the absence of a transcription 
5 factor or polynucleotide/transcription factor. 

Polypeptide transcription factors are described herein with reference to 
approximate molecular weights. "Approximate" molecular weights contemplate 
variances of up to 5% of stated molecular weights up to 50 kDa; variances of up to 
- 1 0%-of stated molecular weights from-51 -kDa -_ 100 kDa; .and variances, of up to 
10 25% of stated molecular weights from 101 - 300 kDa. Binding of polypeptide 
transcription factors to polynucleotides and formation of DNA/polypeptide 
complexes may be assessed in vitro using standard EMSA techniques described 
below, or in vivo by measuring enhancement or silencing of transcription from the 
CD95 gene or another gene appropriately linked to a regulatory polynucleotide and a 

1 5 suitable promoter. 

The words "isolated" and "purified," and other terms used herein, are used in 

accordance with their art-recognized meanings. 
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Rrief Description of the Drawings 

Preferred embodiments of the applicants' invention will be described with 

reference to the drawings, in which: 

Fig. 1 shows results of the functional analysis of the hCD95 gene 5'-flanking 
region by transient transfection of CAT reporter constructs. The 5>-flanking region 
of the hCD95 gene is illustrated at the top, with restriction sites relevant for 
subcloning identified using the following abbreviations: H, Hind HI; P, Pst I; and S, 
Sac II. Individual reporter constructs are illustrated, with construct names referring 
to nucleotide positions of the subcloned regions of the hCD95 gene. The results of 
transient transfections into HeLa and COS-7 cells are illustrated in lanes B and C, 
respectively. These results identify regions in the hCD95 gene that enhance (El; - 
1007 to -964) and silence (SI; -1035 to -1008) transcription from the hCD95 
promoter. 
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Fig. 2 illusto.es the identification of transcriptional star, sites fo, the hCD95 

gene by primer ex,ensi„„ analysis on total RNA from Jurka. cells (,ane ,), ra, lung 

cells flane 2, and rat small i„.es,i„e cells (lane 3). Numbers a, the right refer ,o 

nudeotide positions upstream of .he .ranslationa. star, site in the hCD95 gene 

F.g. 3 iHusto.es the results of efectrophoretic mobiiity shift assay (EMSA) 

ana^sis demonstoting Uta, a hexameric inverted repeat sequence identified in SEQ 

<D NO: 5 ( R2>, presen. in »e hCD95 enhancer region, mediates sequence specific 
bmdms f fac(ors in Jurka( nudear ^ 

DNA/polypepnde complexes are marked by an arr„ w a„ d arrownead 

scaring of me hexameric ^ ^ .^.^ fa ^ ^ ^ ^ ^ ^ 

above me lanes, defined the contributions of individual nucleotide posits , 0 

binding and established the degenerate enh,^ 

ne oegenerate enhancer consensus motif polynucleotide 
sequence identified in SEQ ID NO: 3. 

Fig. 4 illustrates the results of EMSA , n!1 i„e;, a 

Ullh 01 tMbA analysis demonstrating that novel 

• DNA/polypeptide Comdexes were formed in a sequence-specific manner 
Comp exes formed with hCD95 enhancer region motifs spaced by , bp and 4 bp are 
marked by an open arrowhead. This data suggests the existence of a family of 

related transcription factors which recognize th P u- a- 

recognize the same binding motif but have 

different spacing requirements. 

Fig. S iHustotes the resuhs of EMSA analysis demonstoting .ha. a novel 
DNA/polypeptide complex was formed wi,h an hCD95 silencer region probe and an 
enhancer probe. The experiment work suggest that the polynucleotide heptamer 
mo..f t enUfied as SEQ ,D NOS: 7 or 36 media.es in.erac.ion wim .ra„ S crip.io„ 
factor(s). K 

Fig. 6 iHu^es me results of EMSA analysis demonstrating «ha. single- 
stonded probes compe.e for complex-formation and interruption of the heptamer 
motif .den.if.ed as SEQ ID NO: 7 or 36 in me silencer region abolishes ,he abi,i,y of 
-he probe «, compe,e wiu, wild-.ype silencer probe for complex formation. The 

T^T heptamer mo,if is ,hus '~ for reguia "*> ***»■ 

The SEQ ID NOS for ,he probe sequences are identified above .he lanes 

P* 7 illustrates me results of UV-cr„ss.inki„g analysis. Fig. 7A shows UV- 
crossing using nuclear extracts from murine L929 cells wim a double-stranded 
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HCD95 enhancer region probe (SEQ ID NO: 1). Distinct DNA/polypeptide 
complexes of approximately 59 and 1 1 3 kDA, and a high molecular weight complex 
of approximately 200-300 kDa are identified. Fig. 7B shows the results of UV- 
crosslinking using nuclear extracts from Jurkat and L929 cells with a single-stranded 
5 hCD95 silencer region probe (SEQ ID NO: 2) to identify DNA/polypeptide 
complexes of approximately 47, 77 and 100 kDa. 

Fig. 8 illustrates the results of Southwestern analysis. Fig. 8A shows the 
results of Southwestern analysis using nuclear extracts from Jurkat and rat dermal 
papilla (rDP) cells with a double-stranded hCD95 enhancer region probe (SEQ ID 
10 NO" U) Distinct DNA/polypeptide complexes of approximately 1 1 3kDa (in Jurkat 
and rDP) and approximately 59 kDa (in rDP) were identified. Fig. 8B shows the 
results of Southwestern analysis using nuclear extracts from Jurkat cells with a 
single stranded silencer region probe (SEQ ID NO: 2). Distinct DNA/polypeptide 
complexes of approximately 47 kDa and 1 00 kDa were identified. 
! 5 Fig. 9 shows results of the transient transfection of CAT reporter constructs 

including various hCD95 enhancer and silencer region polynucleotides. Individual 
reporter constructs, including those referred to as IR2-tk-CAT (SEQ ID NO: 11), 
mIR2-tk-CAT (SEQ ID NO: 19), IRl-tk-CAT (SEQ ID NO: 4), IR4-tk-CAT (SEQ 
ID NO: 6) and Sl-tk-CAT (SEQ ID NO: 2), are illustrated, with construct names 
20 referring to the hCD95 enhancer and/or silencer region polynucleotides. The results 
of transient transfections into HeLa and COS-7 cells are illustrated in lanes B and C, 
respectively. The hCD95 enhancer polynucleotides autonomously enhance 
transcription from the heterologous tk promoter only in the absence of the silencer 
region. These results demonstrate the in vivo functionality of the identified hCD95 
25 enhancer and silencer regions. 

Detailed De^ .i-i ption of t he. Invention 

Genomic clones for the human CD95 (hCD95) gene were isolated and a 2.3 
kb region of the hCD95 gene 5'-flanking region was sequenced. The hCD95 
30 polynucleotide sequence is assigned accession number X87625 in the EMBL 
database. Initial functional analysis, using CAT reporter constructs and transit 
transfections, identified transcription silencer activity residing between nucleotide 
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positions -,,78, and .,, 0 „ 7 of the hcD95 ^ ^ s[rong ^ ^ 
acvuy residing between nucleotide positions .,,„ 07 and .« 5 of , ne ^ CD95 
gene. This experimental work is described in F. Ruder, e, a,., ., d e ntification 
S,,e„ce, Enhartcer, and Basa, Promoter Region i„ the Human CD95 (Fas,APO-l> 

1? * AND CELL B,0L00Y - Vo1 - M - No - - >« 

Addmonal functional analysis tamer de„„ea«ed the enhancer and silencer regions 
<ranscnp il0 „ enhancer region, denominated El (SEQ ,D NO: „. resides between 
nucleotide positions -1007 and -964 in the hmoi ™ 

yon m me nCD95 gene, and a transcription silencer 
region, denominated SI fSEO ID NO- r>\ ^ a 

^ 1D N0 - 2 >' ^des between nucleotide positions - 
> 1035 and - I0 08 ,n the hCD95 gene. These regions mediate cell type-specific and 
act.vat.on state-dependent transcriptional regulate of the CD95 gene during 
activation-induced cell death. 

Further experimental work identified a hexameric inverted repeat binding 
sequence (IR2) (SEQ ,D NO: 5), present in the enhancer region (El>, that mediates 
sequence specific binding of „ ucl ear factors present in several mammalian cell lines 
Contnbutions of the individuaI „ ucle0 , idc ^ ^ ^ ^ ^ ^ 

degenerate enhancer consensus motif binding sequence (SEQ ,D W 3) was 
tdenttfied. Spacing derivatives of me enhancer region (El) consensus motif binding 
sequence (identified in SEQ .D NOS: 4, 6) also formed novel complexes with 
mammalian nuclear extracts. This data suggests the existence of a family of related 
transcriptional factors that recog„ i2 e the same enhancer motif binding sequence, but 
have Afferent spacing requirements. Enhancer region (El, binding sequences 
autonomously enhanced trance, from As „ sv ^ 

< <k ) promoter only in the absence and" no. in the presence of the silencer region 
demonstrating the ,„ wvo ftmcionality of the regulatory ^ A 

heptamer motif binding sequence (SEQ ,D NOS: 7 and 36), which is present in 
identical copies in the hCD,5 enhancer and silencer regions, that may mediate 
bmdtng of nuclear factors) ,„ the silencer S . region, was also identified. 

Proteinaceous transcription factors that bind t0 CD95 regulatory 
polynucleotides have also oeen identified. UV cross-linking analysis using an 
HCD95 silencer prob. (SEQ ID NO: 2, showed cross-linked DNA/polyneptide 
compiexes of approximately 47, and 77 and 100 kDa with both human and rodent 



20 



3NSDOCID: <WO 9808965W2J_> 



PCT/NZ97/00107 

WO 98/08965 

nuclear extracts. Results from probing a Southwestern blot of Jurkat cell nuclear 
extract with a single stranded silencer probe suggested that the 47 and 100 kDa 
complexes corresponded to single nuclear proteins. Heptamer-containing silencer 
sequence competitor (SEQ ID NO: 12), complementary to the single stranded 
5 silencer probe (SEQ ID NO: 2), but not competitor corresponding to the probe DNA 
strand (SEQ ID NO: 13) competed for binding of the 47 and 100 kDa species. This 
correlates with results from EMSA experiments suggesting that the silencer 
DNA/polypeptide complex is preferably or exclusively formed with single-stranded 

DNA and that double-strandedness- of- the ._DNA._at.jjr near _the binding, region _ 

10 prevents silencer complex formation. The complementary competitor (SEQ ID NO: 
12) either contains a silencer binding site (SEQ ID NO: 7) and competes directly 
with the single-stranded silencer probe (SEQ ID NO: 2) or prevents silencer factor 
binding by double-strand formation. UV cross-linking analysis using an enhancer 
probe (SEQ ID NO: 1) and murine cell extract identified cross-linked 
15 DNA/polypeptide complexes having molecular weights of about 1 13 kDa and 59 
kDa, and a high molecular weight cross-linked DNA/polypeptide complex of about 
200 - 300 kDa. 

The present invention is illustrated by reference to the following 
experimental protocols and results identifying regulatory polynucleotides and 
20 transcription factors. The experimental protocols and results support the 
specification and claims and should not be construed to limit the invention, as 
claimed, in any fashion. 
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IncNTiFif ATION OF "Cm*, REGU1 -TORY POLYNUCLEOTIDES 

Isolating and S ilencing G enomic Clones for Human CD95 

Clones (5 xl0 s ) of a human genomic phage library from placenta were 
screened with a cDNA probe corresponding to the coding region of hCD95 (EMBL 
database, accession number x87625). X phages were grown on E. coli Ta P 90 and 
replica-plated onto Hybond N* nylon filters (Amersham). After denaturation and 
fixing of the DNA, filters were hybridized with the random-primed probes in 40% 
formamide, 1 M NaC 1 , 1% NaDodSO,, lOx Denhardts, 50mM TrisHCI pH 7.5,2 
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mM EDTA, 200 ug denatured salmon sperm DNA at 42°C overnight. Filters were 
washed in 2x SSPE/O.lo/ 0 NaDods0j at 65°C. Positive phage clones were isolated 
after autoradiography and plaque-purified twice using the CD95 probe A 3 7-kb 
Hind III fragment from a partial Hind III digest of purified phage DNA was 
5 identified by Southern analysis using oligonucleotide FR257 (SEQ ID NO- 8) 
corresponding to positions -205 to -184 in hCD95 cDNA (Itoh et al "The 
Polypeptide Encoded by the cDNA for Human Cel. Surface Antigen Fas Can 
Medtate Apoptosis," Cell <5«5.233-243, 1991) and was subcloned in P BS SKIP 
(Stratagene) and partially sequenced. The sequence was determined by PCR cycle 
10 sequencing using either labeled primers or fluorescent-labeled 
d.deoxynucleotides and a mode. 373A automated sequencer (Applied Biosystems). 

Cloning of Initial Huimn CD95 Gen. ^ n ~ tnirt - 

A panel of 5' deletions of the 5'-flanking region of the human CD95 gene 
15 between positions -1781 and -425 was generated by PCR amplification from the 
genomic hCD95 clone described above. Several reporter constructs were made by 
clonmg selected segments of the hCD95 gene in front of the chloramphenicol acetyl 
transferase (CAT) gene in the reporter plasmid pBLCATS* (Klein-Hitpass et al., "A 
13 bp Palindrome is a Functional Estrogen Responsive Element and Interacts 
20 Specifically with Estrogen Receptor," Nucleic Acids Res. 16, 647-663, 1988). - 
1781/-67-tk-CAT was constructed by first ligating the 1.7-kb Hind lll-Sac II 
fragment into the Hind III site of Hind IWBam Hl-digested pBLCAT8* and then 
filling in and ligating the Sac II and Bam HI sites. -1007/-l-tk-CAT and -1007/-1- 
CAT were generated by inserting a Hind IWBgl II-di g ested PCR fragment (Primers 
!5 FR 283: SEQ ID NO: 9 and FR 290: SEQ ID NO: 10) into Hind IWBam HI- and 
Htnd lll/Bgl II-digested pBLCAT8*, respectively. -1781/-1-CAT was constructed 
by cloning the 425-bp Pst l-Bgl II fragment from -1007/-1-CAT into Pst VBgi II 
Rested -1781/-67-tk-CAT. -1781 W-CAT was constructed by cutting -1781/-67- 
tk-CAT with Pst VBgl II, filling in the ends, and religating the vector -425/- 1 -CAT 
0 was derived from -1007/-1-CAT by digestion with Hind III/*, I, filling in the ends 
and rehgauon of the remaining vector. The PCR conditions were: 50 pmoles of each 
primer. 200 M M dNTPs each, 2mM MgC12, lOnW TrisHCI P H 8.3, 50 mM KCI 
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15 



and 2.5 units of Tag polymerase (Boehringer). Amplification was done for 1 min at 
94°C, 1 min at 55°C, and 1.5 min at 72°C for 30 cycles. 

rinninp of Additinnal Human C nQS Gene Reporter Constructs 

An additional panel of 5' deletions of the 5'-flanking region of the human 
CD95 gene between positions -1781 to -425 was generated by PCR amplification 
from the genomic hCD95 clone described above and cloned in front of the CAT 
gene in the reporter plasmid pBLCAT8* which lacked the HSV thymidine kinase 

" (tk) promoter: The following CAT-reporter constructs- werexloned: -1781/-1-CAT; _ 
-1687M-CAT; -1513/-1-CAT, -1340/-1-CAT; -1299/-1-CAT; -1261/-1-CAT; - 
1219/-1-CAT; -1 175/-1-CAT; -1 1 1 5/- 1 -CAT; -1071M-CAT; -1035M-CAT; - 
1007/-1-CAT; -963M-CAT; -924/-1-CAT; -874/-1-CAT; -802M-CAT; -606/-1- 

CAT;and-425/-l-CAT. 

Deletion constructs were generated by PCR amplification using the fixed 
downstream primer identified in SEQ ID NO: 9 with an attached Bgl H-site and the 



-1687/-1-CAT 


SEQ ID NO: 20 


-1 51 3/- 1 -CAT 


SEQ ID NO: 21 


-1340/-1-CAT 


SEQ ID NO: 22 


-1299/-1-CAT 


SEQ ID NO: 23 


-1261/-1-CAT 


SEQ ID NO: 24 


-1219/-1-CAT 


SEQ ID NO: 25 


-1175/-1-CAT 


SEQ ID NO: 26 


-1115/-1-CAT 


SEQ ID NO: 27 


-1071/-1-CAT 


SEQ ID NO: 28 


-1035/-1-CA1 


SEQ ID NO: 29 


-963/- 1 -CAT 


SEQ ID NO: 30 


-924/- 1 -CAT 


SEQ ID NO: 31 


-874/-1-CAT 


SEQ ID NO: 32 


-802/- 1 -CAT 


SEQ ID NO: 33 


-606/-1-CAT 


SEQ ID NO: 34 



containing a Hind Ill-site. Hind WVBg/ Il-digested PCR fragments were gel-purified 
and cloned into the corresponding sites of pBLCATS-. Construction of -1781/-1- 
20 CAT, -1007/-1-CAT and -425/-1 -CAT reporter constructs is described above. The 
additional constructs were generated by ligating double-stranded oligonucleotides 
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having SEQ ID NOS: 4, 6 II 19 nr fhA 

corresponding to SEQ ID NO- 2 2 *' 

«-com atible J " h °'«otides also contain.ng a 

by sequencing us.ng an automated sequencer (A pplied Biosystems) 

^^zz:- mo ? kidney) " d Heu (h ™ ~* 

comb, :: d r:: s modified Ea8ie,s — 

> ^ ,d B. mercaptoethanoi ( ,; } ca V 0 ; el r c,1,ln ' stre ~ 

the CaPn m .*u j • , ransrection. Cells were transfected by 

bove, ,.5 ug of B-galatostdase (B-Oal) expression vector pCHUO rPharmaci , 
internal control, and 8 ue of nRS re, . (Pharmacia) as 

of pBS (Slratagene as carrier D1MA At 18 hr .» 
transfection, cells were washed once with DMEM fresh p h At 18 hr after 
and the cells incubated for another 24 hr ^ ^ ™ ^ 

TrisHCIoH7s , u m A ' 150 "^ N "CI, spun down; resuspended ,„ 250 

J Z e I c cL to ^ 8,yCer0 ' ; ^ *— ™ * ~ 
maw cycles. Chloramphenicol acetyl transferase (CAT\ « 

for u-Gai expression, were done as describe in ZeCa c 

and p Re tinoic Acid Receptors and Move, Receplr d ' 7 " " 

sun,..- Naare W71 „ 17> I989 x;^rrt y E ™ in 

" Ci '"^phenico, cs, ac, Lc^TZ^T ^ ^ 
were separated by thinner chrorna,o grap h y in C ZL^T 

gjjngtiojialAnalYsi.s of CD95_C^neSg^uen^ 

The CAT reporter constructs described above were used tn fi »■ 
analyze the hCD95 eene 5' «„!,•. fictionally 
8Cne 5 ' flank,n 8 re g'°" ^ transient transfection assays The 
percentage CAT conversion and averaee folH «t' , • 

i,^- u 8 stimulation, compared to dBLCATR* 

lacking the tk promoter (set a« n o u . POLWUS 
P moter (set as 1), are shown below for transfections of th. ■ v , 
reporter constructs into COS-7 and HeLa cells. '"^ 
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Table 1 





COS-7 


HeLi 


i 


Construct 


% CAT 
Conversion 


r old 
Stimulation 


% CAT 
Conversion 


Fold 
Stimulation 


tk-CAT 


2.5 ± 1 


6 


4.9 ± 4.9 


10 


-1781/-67-tk-CAT 


1.8 ±0.7 


5 


5.2 ± 4.6 


n 


-1 007/- 1 -tk-CAT 




31 


50.7 ± 24.7 




CAT 


0.4 ±0.1 


1 


0.5 ±0.4 


1 


-1781/-1-CAT 


0.6 ±0.2 


2 


2.1 ± 0.6 


4 


1781/-67-CAT-. - 


_0.8 ±_0,4_ 


2 


4.4 ± 1.9 


9 


-1 007/- 1 -CAT 


7.6 ± 4.1 


19 


29.7 ± 19.0 


60 


-425/- 1 -CAT 


3.2 ±0.4 


" 8 


6.6 ± 0.6 


13 



The largest construct tested (-1781/-1-CAT) showed only very weak activity 
in COS-7 and HeLa cells. The same construct, with a 67-bp deletion at its 3' end 
5 (-1781/-67-CAT) gave practically the same response as -1781/-1-CAT in COS-7 
cells and an approximately two-fold increase in HeLa cells. When tested together 
with the heterologous HSV tk promoter, the same fragment (-l781/-67-tk-CAT) 
showed no additional transcriptional activity compared to that observed with the tk 
promoter alone in both COS-7 and HeLa cells. However, a truncation of 764 bp 
10 (-1007/-1-CAT) at the 5' end of -1781/-1-CAT increased transcriptional activity 
19-fold and 60-fold above background levels in COS-7 and HeLa cells, respectively. 
A similar upregulation was seen with a tk promoter-containing, identical construct 
(-1007/-l-tk-CAT) in both cell lines. These data indicated that a silencer is located 
between positions -1,781 and -1,007 in the human CD95 gene 5'-fianking region. A 
15 further truncation of 582 bp at the 5' end of reporter -1007M-CAT drastically 
attenuated the strong activity seen with the construct, but -425/-1-CAT retained a 
basal promoter activity above that observed with -1781M-CAT and -1781/-67-CAT. 
These results demonstrate the presence of an enhancer between -1,007 and -425 in 
the hCD95 gene 5'-flanking region and revealed a basal promoter activity in the first 
20 425 bp of the hCD95 regulatory region. Basal promoter activity reached a level 
comparable to that of the tk promoter. Thus, the hCD95 promoter was regarded as 
relatively strong. 
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Functional analysis of the hCD95 aene v n Q u 
t-sfection of the addinona, CAT * reg, ° n * 

— rePOrter cons ;:r :r cts is ,,iustrated n * 

5 r ent tran r ctions into the Heu - d — * - * ~ 
q . ^ «* chromatograms show the - - 

Chloramphenicol substrate as generated by the level of CAT 

- - me reponer conaracts , whcre ; ot im - - 

of transcnptional activation. These data further av 

further delineate regions in thf> hrno< 
) whichenhance(El -l007fn •, CD95 gene 

1UU7 to -964) or silence (Si - -1035 to tnnsw • • 
thp rno<; -1008) transcription from 

* CD95 promoter . ne resu „ s from transftction m 

CD95 basal promoter f-4?S/ i pat^ ^ , , 

CD9 I! , "~ CD95 enhanCer » —«**» *» *e 

fold, depending on the cell type. 

Delation of additiona , regulaloiy ^ 
connect™ „,,h ,he identification of transcription factors. 

r'nmer F.vt^nsion Analvc^ 

ex ta c JIT ^ JUrte ' CEUS - ' M ' WS "" S *"« " -I. was 

by Ac.d 0ua „i d i„ ium Thio=yana,e-P h e„o,-C M oro fo rm „ ^ 

Bio-Chem, 162:156-159 1987 ah c u 

diethylpyrocarbonate-treated H 0 F ^ 

with , , " ' Pnmer am,ealinS - 10 « '°"» together 

wtth 5 pm 0 ,e r -»P. laWed primer FR2 „ « 

incubated for 5 min at 65V i„ h i. . Pm) wre 

P« 8 3 ■ mM EDTA 2a "° n bUffer mM KC '' '° ™ M ™ C < 

P 8.3. m M EDTA, ,„ a tota! v olume of 13 „ and ((k ^ 

lo room temperature for 1 5h To thi. ™ i , ■ 

TrisHCI „„„ „ „ u *' ° f P " mer eXMnsi0n buff « T30 mM 

i ristiu pH 8.3, 1 5 mM MgCl,, 8 mM DTT mo / ■ 

mM DTT ' 022 m g/ml actinomycin D, 220 //M 
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dNTPs, 200 units MMLV reverse transcriptase (BRL)] were added and reverse 
transcription was carried out at 42°C for 1 h. Then, 105 p\ of RNAse digestion 
buffer [20 /ig/ml DNase-free RNaseA (BRL). 100 j/g/ml sonicated salmon sperm 
DNA (Sigma), 100 mM NaCl, 10 mM TrisHCI pH 7.5, 1 mM EDTA] were added, 
5 followed by digestion at 37°C for 1 5 min. 15 ^1 of 3 M sodium acetate were added, 
the sample extracted with phenol/CHCl, and the DNA was precipitated with ethanol. 
The extension products were resuspended in formamide loading buffer, heat- 
denatured and separated on a 6% sequencing gel. 



10 Identification of Transcriptional S tart Sites 

In Jurkat cells, multiple putative transcriptional start sites were identified 
clustered from -54 to -128 (Fig. 2A,B lane I) on the hCD95 gene. These matched 
most of the transcriptional start sites that have been detected in human spleen 
(Behrmann et al., "Structure of the Human APO-l Gene," Eur. J. Immunol. 24:3057- 
15 3062, 1994) using 5' RACE PCR. Virtually the same extension products were 
obtained with RNA extracted from rat lung (Fig. 2 A,B, lane 2), showing that primer 
FR257 (SEQ ID NO. 8), which spans the ATG in hCD95, could hybridize to rat 
CD95 mRNA and suggesting that certain start sites are conserved in human and rat 
CD95 genes. When RNA from rat small intestine was used, additional extension 
products, not seen in Jurkat cells or rat lung, were obtained (Fig. 2A,B lane 3). 
Some of these new, putative start sites lie in very close proximity to hCD95 gene 
start sites identified in the human T-cell lines CEM-6 and Molt-4 (Cheng et al., 
"Characterization of the Human Fas Gene," J. Immunol. W.1239-1245, 1995) also 
using primer extension analysis. 
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Identification of Transcr iption Factors 
which Bind to Regulatory hCD95 P olynucleotides 



Flprtm phoretic Mobility Shift Ass ^y (F.MSA1 Protocol 
30 Nuclear extracts were prepared from Jurkat (human T lymphoma cells) and 

MP-1 (human EBV -transformed B cells) grown under 5% C0 2 in RPMI 1640 
medium supplemented with antibiotics and 5% fetal bovine serum, and from HeLa, 
COS-7, CV-1 (COS-7 derivative) and L929 (murine fibroblast cells) grown under 
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10% CO ; in DMEM medium supplemented wi,h antibiotics and 5% fetal bovine 
serum according to the method of Andrews and Fal,e, "A Rapid Micropreparation 
Technique for Extraction of DNA-Binding Proteins from U miting Numbers of 
Mammalian Cells," Nucleic Acids Research, Vol. „, No . 9 , 1991 . , f not ^ 
omerw.se, binding reactions contained 5 „ nuc.ear extract (adjusted to give an 
equal contribution of 40mM Nad in the binding reaction,, ,50 mM (or 100 mM) 
KCI. 2 „g of non-speciftc competitor DMA ( P oly[d(I.C)J or poly[d(A-T)] as 
mdicated), ,2% g.ycero,, 12 mM Hepes P H 7.9, 4 mM Tris-HC. P H 7 9 , mM 
EDTA, I mM dithiothreitol, 20 fmole of [y-^ATP-iabeled probe (double- or 
• s.n gI e-s,randed. as indicated). The indtcated amount, of competitor 
ohgonucleotides were added before addition of the nuc.ear extract and ,he reaction 
mcubated for 30 min. a, room temperature. Three „ ioading buffer (,2% g.ycerol 
12mM Hepes pH 7.9, 4 mM Tris-HC. pH 7.9, , mM EDTA, , m M dithiothreitol' 
0. % bromophenol blue) were added, the reactions loaded on pre-ru„ (2 h a. .50 V) 
non-denaturing 4% polyacry.amide ge.s (acrylamid.bisacry.amide, 30: 1 ) The ge.s 
«ere run ,„ 50 mM Tris-HCI (pH 8.5), 380 mM glycine, 2 mM EDTA at 150 V 
(constant voltage) with water-coohng. Ce.s were dried and autoradiography for , 
t» 4 days. Thus assay, and variants of this assay are referred ,„ herein as the 
standard EMSA assay protocol." 

IteifiMiiQJLaf Transcription Factors Which Ri „H ,„ ^ „■,„.,„„, r , f . m 

EMSA analysis using an El double-stranded probe (El probe, SEQ ID NO- 
ID and Jurka, cell nuc.ear extract revealed that a hexameric inverted repeat 
nudeotide, identified in SEQ ID NO: 5 and present in El. mediates sequence- 
specfic binding of nuclear factors. Experiment! results are shown in Fig 3 
Dtstmc, DNA/polypeptide complexes formed with these nuclear factors, referred to 
heretn as transcription factors, are marked by an arrow and an arrowhead 
Transcription factors tha, bind to the enhancer region hexameric inverted repeat 
CIR2) tdentified as SEQ ,D NO: 5 are also present in murine L929 cells and other 
pnmate and rodent cells, including HeLa. MP-,. COS-7, and ra, dermal papilla 
(rDP) cells. 
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Mutational scanning of the enhancer region hexameric inverted repeat 
identified as SEQ ID NO: 5, using a 50-fold molar excess of double stranded 
competitor oligonucleotides containing the single nucleotide substitutions indicated 
above the respective lanes (derivatives of SEQ ID NO: 11) in EMSA analysis 
5 together with the wildtype enhancer probe (SEQ ID NO: I , See Fig. 3) has identified 
the importance of individual nucleotides for binding and defined the degenerate El 
consensus motif identified in SEQ ID NO: 3 as an hCD95 enhancer region (El) 
binding site. 

Using nuclear extracts from murine L929 cells in EMSA analysis, sequence-. _ 

10 specific formation of novel DNA/polypeptide complexes, which were different from 
enhancer region binding site IR2 complexes, was demonstrated with enhancer re gl on 
sequence motifs spaced by I bp (IR1; SEQ ID NO: 4) and 4 bp (IR4; SEQ ID 
NO: 6). Experimental results are shown in Fig. 4. Complexes formed by the nuclear 
transcription factors that bind to hexameric inverted repeat (SEQ ID NO: 5), 
15 containing enhancer probe (IR2, SEQ ID NO: 1 1), are marked by an arrow and 
arrowhead. The open arrowhead indicates the presence of complexes formed by the 
enhancer region spacing derivatives (IR1; SEQ ID NO: 4 and IR4; SEQ ID NO: 6). 
The enhancer region IRl, IR2 and IR4 elements cross-competed for the formation of 
the respective DNA7poly peptide complexes in a sequence-specific manner. These 
20 results suggest the existence of a family of related transcription factors which 
recognize the same CD95 enhancer region binding motif but have different spacing 
requirements. 

Concatamerized enhancer (SEQ ID NO: 11) sequences were used as probes 
to screen cDNA expression libraries according to methods published in Singh et al., 
25 (1989) Molecular Cloning of Sequence-Specific DNA Binding Proteins Using 
Recognition Site Probes, BioTechni.ues, 7 (3), PP 252-261. Using a single-stranded 
3x El (3x SEQ ID NO: 11) probe to screen a HeLa expression library, clones 
encoding the following DNA-binding proteins were isolated: human YB-1 (EMBL 
Accession No. M24070; SWISS-PROT Accession No. P16990); and human 
30 hnRNP D (EMBL Accession No. D55672; SWISS-PROT Accession Nos. Q14101 
andQ14103). 
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Novel DNA/ pol vpep tid e compleMS ^eTfo^ed using a 
P- (SEQ iD N0: 2), and enhancer ^ IR2 probe ^ £ - - 
us.ng polvdAdT instead „ f po,^ as non . specific competi(or ^ 

5 7 ,ys,s h y are sh ™ - *• - ««~ Probe , d e„ tifiMtion S Z 

bove he ianes and the doubie arrowhead indicating me nove , ™ 
« also b0lmd to single . s , randed sUencer probK ^ ^ ^ ™- 

s.ngl e -s lr a„ ded silencer and enhancer probes. * 
Further EMSA analysis is illus lr ate d in Fig 6 usina ,il,„. k ,. 
» SEQIDNOS:2andl4. 18 Th, ■ P^bes having 

and 14 18. The silencer regton heptamer motif (SEQ ID NO- 7 or 
36) wh,ch is present in identical copies „ ^ s , ^ Ei ^ 

miction with the ,ra„ S c riptjon factor(s) , ^ ^ ^ 
DNA/poivpepude complex was also formed with . single . stra „ ded ^ 

:r * m: ,2> inc,ud,n8 ,he — «*- — — - - 

zt z:i p :t ,his probe <seq ,d no: ,3) sii — p»-» 

both DNA strands, navng an intemiption of ^ ^ ^ 

reg.on «, conning ,ess than a Ml neptamer motif , idemifled in [D 

^; cr y reduced abui,y ,o - • * - 

Concatamerized silencer (SEQ ,D NO: 2) sequences were used as probes to 

0989, Molecular Cloning of S= q ue„ce.S P ecific DNA Binding Proteins Using 

XS, ,3, SEQ ID NO: 2, probe to screen HeLa and ra, Derma, Papilla expression 
ltbra.es, Cones encoding the fo.lowing DNA-binding proteins were iso.ated- 

r,i u embl Accession n °- M24o7o; sw,ss - prot — no.' 

P. ; ra, VB- (EMBL Action No. M57299; SWISS-PROT Accession No 
P22568); ra, Pura (SEQ ID NOS: 38, 39, 4, and 42); and a novel ra, Pura-liice 
protein (SEQ ID NOS: 40 and 43). 

To confirm ,ha, YB-1 is a component of the CD95 Siiencer complex, a YB-1 

™ 2T? wift nuc,ear ex,rac,s and ,hs T ~ 

(SEQ ,D NO. 2) probe ustng supershift procedures documented in Macdonald e. a. 
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(1995), The transcriptional regulatory protein, YB-1, promotes single-stranded 
regions in the DRA promoter, J. Biol. Chem., 270 (8): 3527-3533. Incubation with 
the antibody caused a supershift, indicating that YB-1 is a component of the silencer 
complex. 

5 

^w^-^Hnn of Transcri pt" F^ors for Silencer/Enhancer Regions bv UV- 
crosslinking 

UV-crosslinking was performed essentially as described by Miyamoto et ah, 
Methods Enzymol. 254, 633-641, 1995. Oligonucleotides of 44 and 28 bases in - 
length were end-labeled as in the above-described EMSA reactions. Double- 
stranded DNA probes were prepared by annealing the end-labeled oligonucleotides 
and filling in with [y-"P]dATP, [y-"P]dCTP, [ Y -"P]dGTP (800Ci/mmol) and 
5-bromo-2'-dUTP using Klenow (Miyamoto et al., 1995.) 

A standard EMSA binding reaction was set up with 40fmol probe and \0fig 
15 nuclear extracts +/- 4pmol competitor DNA in a total volume of 40ml in a flat- 
bottomed microtitre plate. The plate was covered with Saran-wrap and placed on 
ice. The reactions were irradiated for 60 minutes by inverting a UV transilluminator 
of 305nm wavelength, such that the illuminator was within 5cm from the microtitre 
plate. The reactions were then divided into two. One aliquot was run on a 4% non- 
20 denaturing gel as described previously, and the second aliquot was run on a 10% 
reducing SDS-PAGE gel with '^-labeled protein markers. The gels were dried 
followed by autoradiography with an intensifying screen for 1-3 days. 

UV-crosslinking analysis results shown in Fig. 7B using an end-labeled, 
single-stranded SI probe (SEQ ID NO: 2), revealed cross-linked DN A/poly peptide 
25 complexes of approximately 47, 77 and 100 kDa in Jurkat and L929 cells. Results 
from probing a Southwestern blot of Jurkat cell nuclear extract with the single- 
stranded SI probe (SEQ ID NO: 2) suggested that the 47 kDa and 100 kDa 
complexes corresponded to single nuclear proteins. UV-crosslinking with a double- 
stranded El probe (SEQ ID NO: 1), shown in Fig. 7 A, revealed cross-linked 
DNA/polypeptide complexes of approximately 59 kDa, 113 kDa, and a high 
molecular weight complex of approximately 200 to 300 kDa in L929 cells. 
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Southwesfp rn Analy se & 

20-40„gs of „ uclea , exlracK from Jurka[ L9 , 9 ^ ra 

ab0 ve, „ elewophoreKd on a , l0% ; d ; ™ 

PAGE ge, w„h u c , abe , ed prote;n markm ^ ^ ^ ^ 
**r pnor ,o , KtroWotting , 0 „ 2mm nhroceliu|ose ^ facrj 

and Des.deno, S., Appendix ,, Transcription Face: A Prac,ica, Approach" Ds 
-W,. Ed) m ^ ^ pp , 87 . i96 ^ ^ 

oc k e ln , 5% (w/v) dried ^ ^ « 

^^^^,. lBMEOTAl , Wftr|gIi(i(iii " 

hybridised in SW-Bindine Buffer niv /• / ^ . 

oinamg Butter (12% (v/v) glycerol, 12mM Hepes foH 8^ 

- T^HC, (p „ 8) , lmM EDTA, , raM DTT, 40mM Mac. lOOmM KCI)' 
"P-,abe,ed OKA probe (end ^ or fllled in . as ^ J 

specfic corner DNA (i... po.vfdNdC, or po ly[ dA.dT,> ^ +/ . lm 
con,pe„.or DNA f or 60 raioutK „ room ^ ^ ^ _ ^ 

x 7 n,,„u,es in s W-Binding Buffer a, 4-C , prior ,o au,orad.o 8 rap hy for 3 days ^ 

an intensifying screen. 

Sou.hwes.en, a»a Iy sis resuhs of Jurka. and rDP nuc.ear extracs using . 
doub.e stranded enhancer probe (SEQ ,D NO: , ,) are i„us tt a(ed i„ Fig 8A These 

22* ?™ T in SPKKS having molecular wishB ° f » ^ 

•DP) and „3 kDa <Jurkat and rDP) to which . d oub,e-s, r a„ded enhancer probe 
ta*. SouU.wes.em analysis resuhs of Jurka, nuc.ear ex«rac,s using a singie 
branded s„e„cer probe (SEQ ,D NO: 2) are illustrated jn Fig m ^ 
*» ■ pro.ein species having mo ,ecu 1 ar weigh, of approxi ma ,e ly 47 kDa and 
100 kD. , wh,ch a sing,e-s,anded siiencer probe binds. Binding of .he sUencer 

(seo ;°d tr r ,ns is greatiy reduced ° r absem in ,he ~ ° f * >~ - 

(SEQ ID NO: 7) con.au.ing competitor (SEQ ,D NO: ,2), complement to *e 
probe s^and, but no , an e q uiva,en, competitor (SEQ ,D NO: ,3, corresponding to 
he probe s,ra„d. These Southwestern resuhs are consistent wi,h UV-crosslinking 
and EMSA resu lt s ob,ai„ed with the probes and competitors described above 
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mnrti-"' *™>y«» nf Transcription Factors 

The CD95 silencer (SEQ ID NO: 2), enhancer (SEQ ID NO. 11) and 
promoter fragment (SEQ ID NO: 27) were cloned in front of the HSV tk promoter 
and CAT gene in the reporter plasmid pBLCAT8\ Constructs encoding YB-1, 
5 Puree Pum-like and hnRNP D proteins were cloned into the vector P CDNA3. The 
constructs were overexposed in HeLa cells with both of the CD95 promoter-CAT 
reporter constructs. The overexpression of sense YB-1 repressed transcription of the 
CD95 promoter Mold and expression of antisense YB-1 stimulated transcription of 
" " the" CD-95 "promoter T-fold. " " The" overexpression of sense Pura - repressed - - 
10 transcription of the CD95 promoter 4-fold and expression of antisense Pura 
stimulated the transection of the CD95 promoter 1.5-fold. This suggests that both 
YB-1 and Pura play a role in repression of the CD95 promoter in vivo. 

A construct encoding hnRNP D protein was also cloned into the vector 
pCDN A3 . This construct was overexposed in HeLa cells with the CD95 promoter- 
1 5 CAT reporter constructs described above. 

fM ^ ^, r ;e^il.ncer/DNA and Fn hancer/DNA Complex^ 

EMSA gel mobility shift assays using the protocol described above 
determined several characteristics of the silencer/DNA (SEQ ID NO: 2) and 
enhancer/DNA (SEQ ID NO: 1 1) complexes. The half-life of both silencer/DNA 
and enhancer/DNA complexes is approximately one hour. The enhancer/DNA 
complex was only stable in less than 300mM KC1, and formation of the 
enhancer/DNA complex required the presence of divalent cations. Thirty percent 
(30%) of the silencer/DNA complex was stable in 2M KC1. The formation of the 
silencer/DNA complex did not require the presence of divalent cations, and the 
silencer/DNA complex contains an ATP-dependent protein. 

These experimental results demonstrate that the silencer/DNA complex is 
very stable, and the enhancer/DNA complex is much less stable. This is consistent 
with the anticipated m vivo activity - i.e. the silencer/DNA complex is formed most 
of the time, and expression of CD95 is suppressed. The ATP-dependence suggests 
that ATP is utilized to unwind the CD95 silencer regulatory region to provide the 
single stranded conformation that the transcription factors bind. 
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CD95 enhancer binding site sequences IRl (SEO ID NO <n 
NO: , 0. mutated lR2 (SEQ ID N0; ]9X md m ^ ^ * ™* (SHQ ID 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION 
(i) APPLICANT: 

(in TITLE OF THE INVENTION: CD95 REGULATORY GENE SEQUENCES 
U AND TRANSCRIPTION FACTORS 

(iii) NUMBER OF SEQUENCES: 43 

(iv) CORRESPONDENCE ADDRESS: 

(M ADDRESSEE: Russell McVeagh West-Walker 

[b) STREET-: -The. Todd Biiilding_,_Cnr Brandon Street & 

Lambton quay 

(C) CITY: Wellington 

(D) STATE: 

(E) COUNTRY: New Zealand 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Diskette 

(B) COMPUTER: IBM Compatible 

(C) OPERATING SYSTEM: DOS 

(D) SOFTWARE: WordPerfect 5.2 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(viii) ATTORNEY/AGENT INFORMATION: 
(A) NAME: Bennett, Michael Roy 

(B REGISTRATION NUMBER: „,.. XMDR 

(C) REFERENCE/DOCKET NUMBER: 22314\MRB 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: +64 4 499 9058 

(B) TELEFAX: +64 4 499 9306 

(2) INFORMATION FOR SEQ ID N0:1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 44 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: 
AGTAATGATG TCATTATCCA AACATACCTT CTGTAAAATT CATG 
44 
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(2) INFORMATION FOR SEQ ID NO: 2: 

U) SEQUENCE CHARACTERISTICS • 
(A) LENGTH : 28 base pairs 
<B> TYPE: nucleic a C K 
<C> STRANDEDNESS: sinalo 
(0) TOPOLOGY: linear 9 

(ii) MOLECULE TYPE: Other 
Cxi) SEQUENCE DESCRIPTION : SEQ ID NO: 2: 
^TCTGGAACT GCATCCAAAT TCAGGTTC 

(2) INFORMATION FOR SEQ ID NO: 3: 

(i) ' SEQUENCE CHARACTERISTICS • 

A LENGTH: 13 base pairs'' 

tr\ III : nucle ^ acid 

<C) STRANDEDNESS: sinale 

(D) TOPOLOGY : linear 9 

(ii) MOLECULE TYPE: Other 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO :3: 
KMMTGAKGTM AKM 



(2) INFORMATION FOR SEQ ID NO:4: 

(i) SEQUENCE CHARACTERISTICS • 
A) LENGTH : 21 base pairs 

B TYPE: nucleic acid 
<C) STRANDEDNESS : single 
(0) TOPOLOGY : linear 

(ii) MOLECULE TYPE : Other 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:4; 
^AGTAATGAT TCATTATCCA AA 

(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS • 

B TYPE : nucleic acid 
C STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

TAATGATGTC ATTA 
14 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) I SEQUENCE CHARACTERISTICS- 
A, LENGTH: 24 base pairs 
B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 

36 



WO 98/08965 



PCT/NZ97/00107 



(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: Other 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

AGTAATGAT GTGTCATTAT CCAAA 
24 

(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 7 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 7 : 

TTTGGAT 

7 

(2) INFORMATION FOR SEQ ID NO : 8 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8: 

TGCCCAGCAT GGTTGTTGAG C 
21 

(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

CAAGATCTGG TTGTTGAGCA ATCCTC 
26 

(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l 
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^CGAAGCTTA GTAAATGATG TCATTATCC 

(2) INFORMATION FOR SEQ ID NO: U: 

(i > SEQUENCE CHARACTERISTICS • 
J «NGTH: 22 base pflrf ' 
B) TYPE: nucleic acid 
<C) STRANDEDNESS: sinal* 
(D) TOPOLOGY : linear 9 

(ii) MOLECULE TYPE: Other 

(xi) SEQUENCE DESCRIPTION: SEQ I D N0:11; 
^AGTAATGAT GTCATTATCC AAA 

(2) INFORMATION FOR SEQ ID NO: 12: 

(il I SEQUENCE CHARACTERISTICS • 
J LENGTH: 14 base pairs^ 
o IYPE: nucleic acid 

(C) STRANDEDNESS : sinale 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other 

(Xi) SEQUENCE DESCRIP TI0 N: SEQ ID NO:12: 
GAATTTGGAT GCAG 
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(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS • 

(A) LENGTH : 14 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

CTGCATCCAA ATTC 
14 

(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS • 
(A) LENGTH : 28 base palls 

B TYPE: nucleic acid 

(C) STRANDEDNESS : sinale 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l 4: 
^AACCTGAAT TTGGATGCAG TTCCAGAC 

(2) INFORMATION FOR SEQ ID NO: 15: 
(i) SEQUENCE CHARACTERISTICS : 
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(A) LENGTH: 14 base pairs 

(B) TYPE : nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:15: 

GTCTGGAACT GCAT 
14 

(2) INFORMATION FOR SEQ ID NO: 16: 

(1} SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 14 base pairs 
- (B) -TYPE-, nucleic-acid -- 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l6: 

ATGCAGTTCC AGAC 
14 

(2) INFORMATION FOR SEQ ID NO: lit 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 14 base pairs 

(B) TYPE: nucleic acid 
(CJ STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17 

CCAAATTCAG GTTC 
14 

(2) INFORMATION FOR SEQ ID NO: 18: 

<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 14 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
<D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:U 

GAACCTGAAT TTGG 
14 

(2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other 
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<xi) SEQUENCE DESCRIPTION: SEQ XD N0:19: 
^ AGTATGATGG CATTATCCAA A 

(2) INFORMATION FOR SEQ ID NO: 20: 

U) SEQUENCE CHARACTERISTICS • 
A» LENGTH: 20 base ™£ S " 

B) TYPE: nucleic acid 

C) STRANDEDNESS: sinqle 
(D) TOPOLOGY: linear 9 - 

(ii) MOLECULE TYPE: Other 

<*i> SEQUENCE DESCRIPTION : SEQ ID NO:20: 
^CACATATGTG AGTTGCTGGC 

(2) INFORMATION FOR SEQ ID NO:2i: 

(i) SEQUENCE CHARACTERISTICS • 
A, LENGTH: 27 base pair"' 
8) TYPE: nucleic acid 
C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:21: 
^GCGAAGCTTC TTTTCATTTT GGAATAG 

(2) INFORMATION FOR SEQ ID NO: 22: 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH : 28 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22: 
^GCGAAGCTTA GGTGGAACAG AGACAAGC 

(2) INFORMATION FOR SEQ ID NO:23: 

(i) SEQUENCE CHARACTERISTICS- 

!b! S TH: 2 ? base 

' TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23: 
^GCGAAGCTTT GGTAAGTGCA GTGAC 

40 

3NSOOCID: <WO__980896SA2J_> 



WO 98/08965 



PCT/NZ97/00107 



(2) INFORMATION FOR SEQ ID NO: 24: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other 

(xi) SEQUENCE DESCRIPTION: SEQ ID" NO: 24: 

GCGAAGCTTG AAAGCCCTCA GGAGG 
25 

___ __ L2 ) INFORMATION FOR SEQ ID^NO:25j 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other 

(xi). SEQUENCE DESCRIPTION : SEQ ID NO: 25: 

GCGAAGCTTA AACAGGCTCC AGAAG 
25 

(2) INFORMATION FOR SEQ ID NO:26: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

( ii) MOLECULE TYPE: Other 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO:26: 

GATGTACAGT GGGCTAAGC 
19 

(2) INFORMATION FOR SEQ ID NO: 27: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 27: 
GCGAAGCTTG GAAGGGAGAG AGGTTGC 

(2) INFORMATION FOR SEQ ID NO: 28: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
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(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: Other 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO :28: 
^GCGAAGCTTG ATGCCAAAGG AATAC 

(2) INFORMATION FOR SEQ ID NO: 29: 

(i) SEQUENCE CHARACTERISTICS • 
A) LENGTH: 25 base plllT ' 

<B> TYPE: nucleic acid 

(C) . STRANDEDNESS: sinale 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:29: 
^GCGAAGCTTG TCTGGAACTG CATCC 

(2) INFORMATION FOR SEQ ID NO: 30: 

(i) SEQUENCE CHARACTERISTICS • 
<A) LENGTH: 25 base pairs 

B TYPE: nucleic acid 

(C) STRANDEDNESS: sinale 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0: 30: 
^ GCGAAGCTTC TAAACTACCT AAGAG 

(2) INFORMATION FOR SEQ ID NO: 31: 

(i) ,nf EQUENCE CHARACTERISTICS- 

A) LENGTH : 25 base pairs 

(B) TYPE : nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other 

(Xi, SEQUENCE DESCRIPTION: SEQ ID NO:3 1: 
_GCGAAGCTTG TGACTTTGAA CAGTG 

(2) INFORMATION FOR SEQ ID NO: 32: 

(i) SEQUENCE CHARACTERISTICS • 
(A) LENGTH : 25 base pairs 

B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE : Other 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:32: 

42 



3NSDOCID: <WO 980896£A2J_> 



WO 98/08965 



PCT/NZ97/00107 



GCGAAGCTTT TTAAAGAAAA TTGGC 



25 



(2) INFORMATION TOR SEQ ID NO: 33: 

( i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:33: 

GCGAAGCTTG. GGCTATGCGA TTTGGC 

26 

(2) INFORMATION FOR SEQ ID NO: 34: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE : nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other 

(X i) SEQUENCE DESCRIPTION: SEQ ID NO: 34: 

GCGAAGCTTC TTTCTCTGAG TGACTCC 
27 

(2) INFORMATION FOR SEQ ID NO: 35: 

( i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 50 base pairs 

(B) TYPE : nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:35: 
GTCTGGAACT GCATCCAAAT TCAGGTTCAG TAATGATGGC ATTATCCAAA 
50 

(2 ) INFORMATION FOR SEQ ID NO: 36: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 7 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other 
. (xi ) SEQUENCE DESCRIPTION: SEQ ID NO: 36: 

ATCCAAA 

1 

(2) INFORMATION FOR SEQ ID NO: 31: 
(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 16 base pairs 

r nucleic acid 

C STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE : Other 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 37: 

AGTAATGATG TCATTA 
1 6 

(2) INFORMATION FOR SEQ ID NO; 38: 

<i 1 'SEQUENCE CHARACTERISTICS- 
A LENGTH, 678 base pairs' 
B) TYPE ; nucleic aciS 
m ^IWNDEDNESS: single 
101 TOPOLOGY: linear 

(ill MOLECULE TYPE: Other 

SE «"=NCE DESCRIPTION, SEC ID N0-38- 
GCCCCACTGA AGCGGCGCGC GGAACGGCAG CCCGCGGCGC ATCCCAGCAT CATGCCGGAC 
CCACACACCC GCAGCGAGCA CCCTCGTCCC CCCCTGGCCT CCGCCGCCTC CCTA a 
^CCTCGG GCTCAGGCTC CGGCGGGGGC GCTCGTGGCC CCCGCGGCGC COCCCC^ 

2 T G C CGGGGCCCC CG0G5CGCT0 C=C — ™ 

3 t!Z gcgtttctac ctggacgtga agcagaacgc taagggccgt 

3 TTCCTCAACA TCGCTCACCT CCGCCCTCGC CGCAACAAGA GCCGCCTCAC CCTCTGCATG 

ci:::: mccQ ~° ~- — — ~» 

^GCCCAGCC AGCCGCCCGA CCTGGCCCAG GCACAGGACG AGCCACGCCG GGCGCTCAAG 
-GAGTTCC TGGTGCGCGA AAACCGCAAG TACTACATGG ATCTCAAGGA GAACCAGCGC 
-CCCTTCC TGCGCATCCG CCAGACAGTC AACCGGGGGC CCGGCCTGGO CTCCACGCAG 

6 GGCCAGACCA TTGCGCTGCC CGCACAGGGG CTCATCGAGT TCCGTGACGC TCTGGCCAAG 
CTCATCGACG ACTATGGA <~CCAAG 

678 

(2) INFORMATION FOR SEQ ID NO: 39: 

(i) SEQUENCE CHARACTERISTICS • 
A) LENGTH : 434 base pairs' 
B TYPE : nucleic acid 

C) STRANDEDNESS: single 
(D) TOPOLOGY : linear 

(ii) MOLECULE TYPE: Other 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO- 39- 
JTCTTCGATG TGGGTTCCAA CAAGTACGGC GTGTTTATGC GAGTCAGTGA GGTGAAGCCC 
^CCTACCGCA ACTCCATCAC CGTGCCCTAC AAGGTGTGGG CCAAGTTCGG ACACACCTTC 
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TGCAAGTACT CCGAGGAGAT GAAGAAGATT CAAGAGAAGC AGAGGGAGAA GCGGGCCGCC 
^TGTGAGCAGC TCCACCAGCA GCAACAGCAG CAGCAAGAGG AGACCACCGC TGCCACCCTG 

Ttattgcagg GTGAGGAAGA aggggaagaa gattgatcaa actgaatgaa acacacacac 

TcACACACAC ACACAGACAC ACACACACAC ACGCATACAC ATACGTGTAC ACACACACAC 

3 acacacacag CCACACACAG AGAAAATATA ctgtaaagag agaaaataaa aagttaaaaa 

420 

AAAAAAAAAA AAAA 
434 

( 2). INFORMATION FOR SEQ ID NO: 40: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 384 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:40: 

GAATTCGGCA CGAGCTCGTG CCGAATTCGG CACGAGGGGC GCGAGCGCAG CGGGCGGCGG 
6 CGAGGCGGCG GCCGAGAAGA TGGCGGACGG CGACAGCGGC AGCGAGCGCG GTGGCGGCGG 
^GGCGGGCCC GGCAGCTTCC AGCCCGCGCC CCGCGGCGGC GGAGGGCCTG GCGGCGAGCA 
^ GG AG AC GC AG GAGCTGGCCT CGAAGCGGCT GGACATCCAC AACAAGCGCT TCTACCTGGA 
^TGAAGCAG AACGCCAAGG GCCGCTTCCT CAAAATCGCC GAGGTGGGCG CGGGCGGCTC 

Taagagccgc CTCACGCTCT CGATGGCGGT GGCCGCCGAG TTCCGCGACT CGCTGGGCGA 

3 CTTCATCGAG CACTACGCGC AGCT 
384 

(2) INFORMATION FOR SEQ ID NO: 41: 

(i ) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 209 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi ) SEQUENCE DESCRIPTION : SEQ ID NO: 41: 

^, ri.i Gin Glv Gly Ala Ala Leu Gly 

Met Ala Asp Arg Asp Ser Gly Ser Glu Gin Giy i5 

1 t 5 nv His Pro Gly Ser Gly Ser Gly Ser Gly Gly 

Ser Gly Gly Ser Leu Gly His Pro ^iy 30 

20 „, r \„ riv Ser Glv Gly Gly Gly Gly 

Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly ^ 

35 , , rm His Glu Thr Gin Glu Leu Ala Ser Lys Arg 
Ala Pro Gly Gly Leu Gin His Glu int gQ 

50 „ Dho Tv/r Leu Asp Val Lys Gin Asn Ala 

val Asp He Gin Asn Lys Arg Phe Tyr Leu A^p gQ 

« r t c n e Ala Glu Val Gly Ala Gly Gly Asn Lys 

Lys Gly Arg Phe Leu Lys lie Ala ^ 95 

85 tji t- Val Ala Val Glu Phe Arg Asp Tyr 

Ser Arg Leu Thr Leu Ser Met Ser Val Ala ^ 

11° Tie Glu His Tyr Ala Gin Leu Gly Pro Ser Gin Pro 
Leu Gly Asp Phe He Glu his iyj- 
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115 120 



Pro Asp Leu Ala Gin Ala rin 2 125 

ri L 30 13? P Pr ° Arg A ^ Aia Lys Ser 

p he Leu Val Arg Glu Asn a-„ r * 140 

Asn G] a 150 ^ ^ S ASP L6 ' J ^ 

Asn Gin Arg Gly Arg Phe Leu A i 60 

Pro Gly Leu Gly J£ Thr G1 ' »? ^ ^ ^ ^ £j 

G1 r T ^ Gin ^in Thr u e Ala Leu Pro ™ 

Gly Leu e Glu Phe Arg Asp Ala ^ 190 

Gly 195 200 y LSU As P A sp Tyr 



(2) INFORMATION FOR SEQ ID NO: 42: 

(!) SEQUENCE CHARACTERISTICS • 
A) LENGTH: 91 amino aciSs 
' "iPE: amino acid 
;C) STRANDEDNESS: si ngie 
(D) TOPOLOGY: linear 

UU SEQUENCE DESCRIPTION: SEQ ID NO- 4- 

PJ. - A SP V3 1 Gly Ser Asn Lys Tyr Gly Val Phe Met Arg Val ^ 

- v al L y s J?l Thr Tyr Arg ftsn 1^ t ^ v ^ ^ ^ 

Trp Ala Lys Phe Gly His Thr Ph„ r- , 30 

35 7 Thr Phe Cys Lys Tyr Ser Glu Glu Met Lys 

- II. Cln Glu Lys Gln Glu L ys Arg Ala Ala ^ Clu Gin Leu 

HJ. Gln Gin Gin Gin Gin Gin Gin Glu Glu Thr Z Ala Ala Thr Leu 
Leu Leu Gin Gly Glu Glu Glu Gly Glu Glu Asp 80 
85 90 
(2) INFORMATION FOR SEQ ID NO:4 3: 

!i) SEQUENCE CHARACTERISTICS • 
(J) LENGTH: 101 amino acids 
(b) TYPE: amino acid 
<C) STRANDEDNESS: sinale 
(D) TOPOLOGY : linear 

(Xi) SEQUENCE DESCRIPTION : SEQ i„ NO • 4 3 • 
"•t -a Asp Gly Asp Ser Gly Ser Glu Arg Gly Gly Gly Gly Gly Gly 

- Gly Ser Phe Gin Pro Ala Pro Arg cJy Gly Gly Gly Pro » G1 

- CI- Glu Thr Gin Glu Leu Ala 11 L ys Arg Leu As P g. Gln Asn 

- Arg Phe Tyr Leu Asp Val Lys Gln Asn Ala Lys & Arg phe Leu 
f ne Ala Glu Val Gly Ala Gly Gly Ser Lys 2, Arg Leu Thr Leu 

Ser Met Ala Val Al* ai^ m 5 an 

^ ^ ST Leu Gly Asp Phe ™ e 
Glu His Tyr Ala Gln 90 95 
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We Claim: 

An isolated polynucleotide selected from the group consisting of: 
SEQ ID NOS: 1-6, U, 12, 14, 36 and 37. 

2. A polynucleotide having at least 70% identity to a polynucleotide of 

claim 1 . 

3 A polynucleotide of claim 2 which is a cDNA molecule. 

A polynucleotide of claim 2 which is a genomic DNA molecule. 
A polynucleotide of claim 2 which is a wholly or partially chermcally 



4. 
5. 



synthesized polynucleotide. 

6 A polynucleotide of claim 2 in an antisense orientation. 

7 A polynucleotide of claim 2 that is capable of binding to a 
polypeptide transition factor to form a complex that modulates transition of 
the CD95 gene. 

8 A polynucleotide comprising a DNA sequence havmg a, leas. 90 A 
ioemi.y.oanySnucleotidecom.guouspor.ionofapo.ynuCeotideofda.m >. 

o. A polynucleotide that differs from a polynucleotide of clatm 1 by 
substitution, deletion or addition of five nucleotides or fewer. 

10 . An isolated polypeptide transcription factor capable of formmg 
DNA/polypeptide complex with a polynucleotide of claim 2. 

n An isolated polynucleotide capable of formtng a DNA/po.ypepttde 
complex with a transcription factor, whereby the DNA/polypeptide complex .s 
capab,eofmodula,ingttanscriptionofacodingportionoftheCD95gene. 

12 An isolated polynucleotide according to claim U capable of formmg 

a DN A/potypeptide complex having a molecu.ar weigh, of approximate* 47, 77 or 
100 kDa with a transcription facor, whereby .he DNA/po.ypep.ide complex ,s 
capableofsilencing.ranscrip<ionofacodingpor.ionoftheCD95ge„e. 

,3 An isolated polynucleotide according to claim 1 1 capable of formmg 
a DNA/polypep.ide complex having a molecular weigh, of approximately 59, 1 13 
o, 200-300 leDa wi.h a transcription fac«or, whereby .he DNA/po.ypep.ide 
complex is capable of enhancmg transcription of a coding portion of .he CD95 gene. 
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14. An isoiated transcriptton faclor capab|e of 

DN 7 o,ype ;; de Mmpi " ™ h • w „ ereby , he DNA/polype s pljd 

complex .odula.es transcription ofcoding ^ ^ ^ ^ ^ ™ 
"■An .elated transcription factor according to claim .4 capab.e of 

100 kDa w„ h a po.ynucleotide, whereby the DNA/po, " 
complex ,s capab.e of sil e„c ing of a „ ding ^ ^ ^ ~ 

.6. An ,so,a,ed transcription factor according ,„ claim ,4 capable of 

?z ir ^ir e compiex having a — - w * <* 

». ■ 3 or 200-300 kDa with a po,y„ u Ceo,ide, whereby the DNA/p„ lyp e p J 
complex, capable of enhancing transcription of a coding portion of the 

Cain, , I"' A P0ly " UC,eO,ide - ^entity to . po ,y„ ucleotide of 

ID HOS 9 41, COmP " Sine ^ am ' n ° ^ d S ~ SEQ 
^ 20. An iso,a,ed po.ynucleotide comprising a DN A sequence of Cairn 2 or 

21 ' A ™ lh ° d *» "opiating apoptotic cell death comprising regulating 

^:: s 'r;; ld shock domain ° f ^ yb - ^ — - 

/v ' >3 vviab-^KOT Accession No PI fiQQfn „ i 

°' F1&yy °). to a polynucleotide of claim 2 

•he bind 1 of A ^ m0dU ' a,i ° 8 aP0P ' OtiC dM,h 

ura eZb A ' ~ ' ^ P °' yPeP,ide « - ** "«* - 

rura (EMBL Accession No. M96684: SWISS-PRrvr 4 ■ ., 

polynuCeotide of Cairn 2. °° ^ Q °° 577) ' » 3 

•he bin! o^ T m0dU ' atin8 aP0P, ° tiC deMh C ° mPriSi ^ 

bmd „g of a polypeptide, the polypeptide having a, leas, ,5% .dentity w ! 

Polypept^e encoded by a ^lynudeotide of Cairn , 8 , , 0 a poly „ ucleotlds ^ 
24. A method for modulating apoptotic cell death comprising regulatine 
- b-ng of a peptide, the polypeptide having a, ,eas, 95% Lit, totl 
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xi r>«£70- <sWTSS-PROT Accession Nos. Q 141 01 
hnRNP D (EMBL Accession No. D55672, bWlbb 

and Q14103), to a polynucleotide of claim 2. 

05 A method for modulating CD95 expression by regulating the binding 
of a polypeptide, the polypeptide having a co.d shock domain having at least 95% 
identity to the co.d shock domain of human YB-1 (EMBL Accession No. M24070; 
SWISS-PROT Accession No. PI 6990), to a polynucleotide of claim 2. 

26 A method for modulating CD95 expression by regulating the binding 
of a polypeptide, the polypeptide having at least 95% identity to human Pura 
(EMBL Accession No. M96684; SWISS-PROT Accession No" Q00577), to r - 

polvnucleotide of claim 2. 

, 7 A method for modulating CD95 expression by regulating the binding 
of a polypeptide, the polypeptide having at least 95% identity to a polypeptide 
encoded by a polynucleotide of claim 18, to a polynucleotide of claim 2. 

28 A method for modulating CD95 expression by regulating the binding 
of a polypeptide, the polypeptide having at least 95% identity to human hnRNP D 
(EMBL Accession No. D55672; SWISS-PROT Accession Nos. Q14101 and 
Q14103), to a polynucleotide of claim 2. 
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